The use of coefficients to adjust for ethnicity in equations estimating glomerular filtration rate (GFR) is impractical. (1, 2) Although coefficients for ethnicities other than 'white' or 'black' have been derived for the Modification of Diet in Renal Disease (MDRD) equation, these coefficients do not necessarily yield accurate estimations.
INTRODUCTION
The use of coefficients to adjust for ethnicity in equations estimating glomerular filtration rate (GFR) is impractical. (1, 2) Although coefficients for ethnicities other than 'white' or 'black' have been derived for the Modification of Diet in Renal Disease (MDRD) equation, these coefficients do not necessarily yield accurate estimations. (1, 3) The combined use of serum creatinine and cystatin C biomarkers in equations estimating GFR has been shown to improve the accuracy of GFR estimation and reduce the effect of ethnicity as a predictor. (4) In fact, a recent study showed that the effect ethnicity had on GFR estimation was rendered insignificant when beta-trace protein (BTP), creatinine and cystatin C were used in the equation. (5) The equation developed by the Chronic Kidney DiseaseEpidemiology Collaborative Group (CKD-EPI) is preferred when estimating GFRs in multiethnic populations because of its reduced bias. CKD-EPI has also developed a new equation that incorporates both serum creatinine and cystatin C, using a population comprising both healthy individuals and chronic kidney disease (CKD) patients. (2) We assessed the performance of the new creatinine-cystatin C CKD-EPI equation in a study cohort consisting of healthy participants and patients with CKD who have undergone radionuclide GFR measurement.
METHODS
The present study, which was approved by the institution review board, utilised the serum samples of research participants (n = 335) from the Asian Kidney Disease Study and Singapore Kidney Function Study. (3, 6) The stored serum samples were assayed for cystatin C. In the Asian Kidney Disease Study, patients with stable CKD from the outpatient renal clinics of National University Hospital, Singapore, were recruited (n = 232). (3) In the Singapore Kidney Function Study, healthy participants who had normal kidney function and who reported having no diagnosis of hypertension or diabetes mellitus were recruited (n = 103). (6) All participants from both studies underwent urine dipstick tests to exclude microalbuminuria, leucocyturia and erythrocyturia. Participants were recruited consecutively using stratified sampling; they were stratified according to the four ethnic groups (Chinese, Malay, Indian and others) and then by gender. In both studies, participants performed self-directed 24-hour urine collections and underwent GFR measurements the next day, during which blood and spot urine samples were also collected.
Performance of the CKD-EPI creatinine-cystatin C glomerular filtration rate estimation equations in a multiethnic Asian population Tc-DTPA. GFR was estimated using the CKD-EPI equations. The performance of GFR estimation equations were examined using median and interquartile range values, and the percentage difference from the measured GFR.
Participants were allowed a light, no-protein breakfast before GFR determination, according to the British Nuclear Medicine Society guidelines. GFR determination was done using three-sample plasma clearance of 99m technetium-diethylene triamine pentaacetic acid ( 99m Tc-DTPA), via an intravenous injection of TechneScan DTPA (Mallinckrodt Medical BV, Le Petten, Netherlands).
(7) GFR was calculated using the slope-intercept method, normalised to body surface area using the du Bois equation, and corrected using the Brochner-Mortensen equation. (8, 9) Serum creatinine was calibrated with materials traceable to standardised creatinine and measured using an enzymatic (creatinase) method (www.siemens. com).
(3) Serum cystatin C were measured using particle-enhanced immunonephelometry on the BN Prospec platform (Siemens, Munich, Bavaria, Germany). All assays were performed in a central clinical laboratory accredited by the College of American Pathologists. Some studies have reported a drift in serum cystatin C using the Siemens assay. (10) (11) (12) As there is a standard cystatin C calibration material (ERM-DA471/IFCC), we calculated standardised serum cystatin C (ScysC) using the adjustment equation 2 from the study by Inker et al: ScysC = 1.12 × cysC. (12) Estimated GFR (eGFR) was calculated based on the CKD-EPI equations using (a) creatinine only; (b) cystatin C only; and (c) creatinine and cystatin C combined. (2) We assessed the performance of the estimation equations using performance metrics similar to that used by Inker et al. (2) Bias was defined as the difference between the median of the measured GFR and the median of the eGFR, while precision was defined as the interquartile range (IQR) of that difference. Accuracy was assessed based on the percentage of eGFRs that differed by more than 30% (1-P30) or 20% (1-P20) from the measured GFRs. Confidence intervals were calculated using a bootstrap method (2,000 bootstraps). Using the creatinine-only CKD-EPI equation as the comparator, the significance of the differences between the creatinine-only CKD-EPI equation and other equations were determined using signed-rank test for bias. To compare the interquartile ranges from the 2,000 bootstrap samples, t-test was used, while McNemar's test was used to compare the 1-P30 and 1-P20.
RESULTS
Our study population (n = 335) had 171 male participants (51.0%). Of the 335 participants, 129 (38.5%) were Chinese, 99 (29.6%) were Malay, 79 (23.6%) were Indian and 28 (8.4%) were of other ethnicities (Table I) Overall, the creatinine-only equation performed with little bias (Table II) . Its bias was greatest when predicting GFR ≥ 90 mL/min/1.73 m 2 , whereas the cystatin C-only equation had the highest bias in the 60-89 mL/min/1.73 m 2 category. Similarly, estimation performance was inconsistent across the GFR categories. When compared to the creatinine-only equation, the creatininecystatin C equation appeared to result in marginal improvement in precision; however, the latter had worse precision in the GFR ≥ 90 mL/min/1.73 m 2 category. Overall, the 1-P30 and 1-P20 accuracy improved by about 4%-6% using the creatinine-cystatin C equation, but this was similarly inconsistent across GFR categories.
DISCUSSION
The present study is the first to assess the accuracy of the CKD-EPI GFR estimation equations in a multiethnic Asian population comprising both healthy participants and CKD patients. We found that while the CKD-EPI creatinine-only equation estimated GFR well, it was more biased at normal GFR levels . Conversely, the CKD-EPI cystatin C equation estimated GFR with more bias and less accuracy at lower GFRs (< 60 mL/min/1.73 m 2 ). In general, if creatinine-only equations are used for estimating GFR, there is a concern that the 'creatinine-blind' range of 60-89 mL/min/1.73 m 2 may result in incorrect estimations, which may in turn cause participants in general population studies to be inaccurately classified as CKD patients (defined by GFR < 60). (13) (14) (15) Using both biomarkers (i.e. creatinine and cystatin C) together for estimation appears to improve precision and accuracy in the 60-89 mL/min/1.73 m 2 GFR range. Overall, estimation equations that use both biomarkers perform better than equations that use only one biomarker. The performance of the creatinine-cystatin C equation used in our study is similar or better than that reported in external population datasets that were used to validate the equation. (2) One criticism of the MDRD GFR estimation equation is that its derivation was done using data from CKD patients only. As a consequence, the equation only has the ability to report for GFR < 60 mL/min/1.73 m 2 . There is also the concern that CKD staging misclassification may occur for patients with GFRs in the range of 50-70 mL/min/1.73 m 2 . Furthermore, the discrepant findings of Chinese and Japanese investigators regarding the magnitude and direction of ethnic coefficients for the MDRD equation have caused much difficulty in determining a valid method for estimating GFRs in Asians and other non-American multiethnic populations. (16, 17) Therefore, the CKD-EPI equation appears to be superior to the MDRD equation. (4, 18) The two-biomarker CKD-EPI equation proposed by Inker et al may eliminate the need to factor in ethnicity during GFR estimations, as well as increase the accuracy of population studies on CKD. (2) The proliferation of proposed ethnicity coefficients for adjusting the MDRD and CKD-EPI equations is alarming, as study designs may not have permitted such conclusions to be drawn. (16, 19) The results of the present study suggest that the new creatinine-cystatin C CKD-EPI equation is able to produce eGFRs with reasonable accuracy over a broader range of GFRs, in patients with and without CKD. It is unlikely that there will be a perfectly accurate GFR estimation equation for all clinical scenarios. We recommend, when cost permits, the use of the two-biomarker GFR estimation equation without any adjustment for ethnicity, especially in epidemiological studies. This equation is also useful in multiethnic populations (e.g. global cities), in subpopulations where ethnicity is unclear (e.g. persons born of multiple ethnicities) and among patients with extreme body size.
We are of the opinion that it is not imperative to know exactly or accurately what the 'true' GFR is. Instead, it is more important that a fairly accurate and consistent estimation is performed for any given biomarker or combination of biomarkers. This is because consistency allows for comparisons between different groups internationally. On this basis, we suggest that CKD-EPI equations be used for estimations of GFR in clinical practice and research, and that the use of the creatinine-cystatin C CKD-EPI equation (or the average of the creatinine-only equation and the cystatin C-only equation) be strongly considered when cost is not a barrier. (2, 4, 5) In conclusion, the new creatinine-cystatin C CKD-EPI equation was able to estimate GFR with little bias, and with increased precision and accuracy in a multiethnic Asian population. This suggests that the use of a two-biomarker CKD-EPI GFR estimation equation, without any adjustment for ethnicity, may reduce misclassification of CKD in epidemiological studies.
